CHAPTER FOUR

The Relative Abundance, Distribution, Composition, and Life

History Characteristics of Fishes in Gloucester Harbor

Anthony R. Wilbur

Massachusetts Office of Coastal Zone Management, Boston, MA

ABSTRACT

This study described the fish community structure in Gloucester Harbor and detailed seasonal and spatial
characteristics of relative abundance, community composition, and life history traits. Four otter trawl sta-
tions and four seine stations were sampled monthly from June 1998 to May 1999. This study was the first
effort to assess the Gloucester Harbor fish community in more than 30 years. A total of 1,786 fish (trawl,
N = 1,165; seine, N = 621) were collected, comprised of 29 fish species. Skates, winter flounder, and Atlan-
tic cod were the most abundant (by number), totaling 71.5% of the total otter trawl catch. Resident and
transient species exhibited seasonal variation in presence and relative abundance with the highest relative
abundance (total fish CPUE) in spring and fall. Juvenile fishes dominated catches. The presence of resident
species, including commercially exploited species (winter flounder and windowpane) and non-target species
(cunner, lumpfish, and rock gunnel), and the seasonal recruitment of marine young-of-year fishes (Atlantic
cod, pollock, red hake, and shorthorn sculpin) demonstrated the use of Gloucester Harbor as nursery habitat.
Skates dominated the demersal fish biomass. This study demonstrated the importance of nearshore waters,
including urban embayments, in Massachusetts to the development of a relatively diverse fish assemblage.

INTRODUCTION

Gulf of Maine demersal fishes historically sustained
and continue to support productive fisheries in the
Northeast United States and the Canadian Maritimes
(NMES 1998). Fishes of the Gulf of Maine are well
described (Bigelow and Schroeder 1953; Collette and
Klein-MacPhee 2002), and studies describe spatial
and temporal features of the demersal fish assemblage
found in Northwestern Atlantic offshore waters (Col-
vocoresses and Musick 1984; Gabriel 1992). Federal
and state monitoring programs assess stock status of
commercially and recreationally important species
throughout the Gulf of Maine and Massachusetts
waters (NMFS 1998; Howe et al. 2000a).

Studies examining intraannual variation of fish
fauna composition and relative abundance in
nearshore Gulf of Maine waters are rare (Laz-
zari et al. 1999). Massachusetts fishery resources

are assessed biannually through stock assessment
surveys (Howe et al. 2000a), but nearshore systems
(<9m water depth) are not routinely investigated
(Howe et al. 2000b). Gloucester Harbor was ini-
tially investigated in 1966-1967 to characterize
harbor fishery resources (Jerome et al. 1969). The
Jerome et al. (1969) study provided valuable infor-
mation on fishery resources and demonstrated the
importance of coastal waters to a relatively diverse

fish assemblage.

Recent studies of nearshore systems focused on
specific habitats (e.g., Heck et al. 1989) or species
(Howe et al. 2000b). Few published studies, how-
ever, examine fish distribution, abundance, commu-
nity characteristics, and habitat use in Gulf of Maine
coastal waters (Ayvazian et al. 1992; Lazzari et al.
1999; Chase et al. 2002; Buchsbaum et al. 2003).
Coastal, shallow water environments are ecologically
important to many marine fish species, especially
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FIGURE 4.1 Study area map. Location of ofter frawl and beach seine sampling
stations in Gloucester Harbor during June 1998 to May 1999. Lines represent
average location of Southeast Harbor (SEH), Outer Harbor (OH), VWestern
Harbor (WH), and Inner Harbor (IH) ofter frawl stations. Dots represent beach

seine locations.

throughout early ontogenetic development (e.g., Hoss
and Thayer 1993; Able and Fahay 1998; Meng and
Powell 1999; Howe et al. 2000b). The 1966-1967
study illustrated that juvenile fish inhabit Gloucester
Harbor waters (Jerome et al. 1969). Early juvenile
fishes require specific habitat conditions that mediate
survivorship and growth, and these habitats are often
located in nearshore waters. The understanding of
early life history requirements of fishes is a critical
source of information that is needed to improve the
management of coastal waters.

Nearshore marine habitats are diverse and highly
susceptible to natural and human perturbations.
Embayments were frequently developed to support
urban centers, maritime industries, and recreational
boating. Harbor development dramatically altered
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environmental resources and conditions. Anthro-
pogenic influences, including historic and current
inputs, affect environmental quality and ecologi-
cal function of these harbors. Urban embayments
present varying degrees of degradation, but contain
environmental features that support early life history

stages of fishes (Able et al. 1998; Able et al. 1999).

This study documents the results of a twelve-month
fish survey in Gloucester Harbor. The objective of
the study was to describe fish community structure
of Gloucester Harbor and investigate seasonal and
spatial characteristics of the fish community, from
June 1998 to May 1999. Seasons were defined by
examining water temperature and fish assemblage
features to facilitate data analyses and description.
Total relative abundance (species combined), species
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TABLE 4.1 Intertidal seine and subtidal offer trawl sampling sfations in Gloucester Harbor, June 1998 to
May 1999. Means (SE) included where relevant.

Mean
Station Location® Depth (m) Substrate Observations
Seine Sites
Pavilion Beach 42.6093°N, 70.6680°W sand shallow slope
Tenpound Island 42.6023°N, 70.6637°W sand, gravel, steep slope
shells
Half Moon Beach  42.6045°N, 70.6768°W sand moderate slope, ledge
on either side
Niles Beach 42.5923°N, 70.6548°W sand moderate slope
eelgrass offshore
Traw! Sites Start End
Southeast Harbor ~ 42.6029°N,  42.5982°N, 9.9(0.3) sand-silt laminaria, Agarum,
70.6675°W  70.6730°W Ulva present
Outer Harbor 42 5985°N,  42.5929°N, 11.3(0.3) siltshells small amounts of
70.6724°W  70.6751°W macroalgae
Western Harbor ~ 42.6119°N,  42.6060°N, 8.0(0.3) siltF-mud no macroalgae
70.6744°W  70.6758°W
Inner Harbor 42.6154°N,  42.6202°N, 8.0(0.2) soft mud frequent snags
70.6645°W  70.660/7°W

“Average lafitude and longitude

composition, and species richness were compared by
season and trawl station. Relative abundance and
length frequency were documented for common
species. Habitat use and the ecological function of
harbor waters are discussed for Gloucester Harbor.

MATERIALS AND METHODS

Biological resources were examined in Gloucester
Harbor during the development of the Massachu-
setts Dredged Material Management Plan (MCZM
2001). Fish community characteristics were studied
to assess the environmental suitability of in-water
dredged material disposal options and evaluate po-
tential impacts.

Study Area

Gloucester Harbor is an urban port in northwest-
ern Massachusetts Bay, Massachusetts (Figure 4.1).
The inner harbor supports shoreline and navigation
infrastructure, including piers, rip-rap, navigation
channels, and mooring areas. The outer harbor
shoreline ranges from undeveloped rocky shore and
sandy beach to residential property. Seafloor sedi-
ments throughout the study area are predominately
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unconsolidated, soft sediments with areas of ledge and
rock (NAI 1999a; Valente et al. 1999; USGS 2000;
SAIC 2001; Malkoski personal observation) and
patchy distribution of kelp and drift algae (personal
observation). Seafloor habitat in the inner harbor is
degraded, including chemical contamination and an-
oxic sediments (Valente et al. 1999; MCZM 2001).
Environmental quality improves along a gradient
from the inner to outer harbor (Valente et al. 1999;
SAIC 2001). Outer harbor sediments generally
show negligible evidence of human perturbation

(SAIC 2001).

Sampling Techniques

Fishes were sampled in Gloucester Harbor from June
1998 to May 1999. Otter trawl and beach seine
sampling was conducted twice per month from June
through October 1998 and May 1999 and once per
month from November 1998 through April 1999
(18 sample periods; NAI 1999b). Sampling gear
and methods used in this project were developed in
consultation with Massachusetts Division of Marine
Fisheries (DMF). Otter trawl and seine stations were
located to represent harbor environs (Table 4.1) and

for consistency with previous studies (Jerome et al.
1969; Chase et al. 2002; DMF personal communica-
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Beach seine (left), processing a trawl catch (right]

tion). Fixed otter trawl stations were located in the
Southeast Harbor (SEH), Outer Harbor (OH), West-
ern Harbor (WH), and Inner Harbor (IH) (72 total
trawls). Four seine stations (Pavilion Beach [PB],
Tenpound Island [T1], Half Moon Beach [HM],
and Niles Beach [NB]) were identified in accessible
and haulable waters (i.e., beaches that were capable
of being seined) (71 total hauls) (Figure 4.1). Otter
trawl and beach seine stations are identified by capital
letters throughout the study.

Otter trawl stations were located in waters subjected
to a range of human influences. Degradation, includ-
ing diminished water quality (Kooken et al. 2000)
and sediment quality (MCZM 2001), was most
prevalent at the IH trawl station. Outer harbor sta-
tions (i.e., WH, SEH, and OH) had similar water
quality and sediment type, with comparatively less
evidence of human influences (SAIC 2001). The
PB seine station was a sandy beach adjacent to the
inner harbor; TT was located on an island with a mix
of sand, gravel, and shells; HM was a sandy beach
between a rocky shoreline on the western side of
the outer harbor; and NB was located along a sandy
beach on the eastern shore (Table 4.1).

A 50-foot seine (15.2 m length; 1.2 m depth; 1.2 x
1.8 m bag; 4.8 mm delta mesh) was used to sample
shallow water fishes (intertidal habitat sampling). A
30-foot otter trawl (9.1 m sweep; 8.2 m headrope)
sampled fishes in deeper water (subtidal habitat
sampling). The otter trawl had 2-inch stretch mesh
(5.08 cm) in the body and 1.5-inch stretch mesh
(3.81 cm) in the cod end with a 1/4 inch liner (0.64
cm). The cod end liner retained smaller fishes.
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The beginning and end coordinates of each trawl
sample were recorded, and trawl distance measured
with differential Global Positioning System (GPS).
The trawl started when trawl doors rested on the
seafloor. The trawl ended at 400 m (measured by
GPS) and was quickly retrieved to the boat. Tow
distance was verified by plotting beginning and end
coordinates using Geographic Information System
(GIS) software. Otter trawl tow length occasionally
varied, so the catch per unit effort (CPUE; number
and weight) was standardized to a 400 m tow length
(#/400 m). Shallow water habitat (i.e., intertidal)
was sampled by positioning the seine parallel to shore
in approximately one meter of water and hauled di-
rectly to shore, covering a rectangular area. The area
sampled (i.e., length of haul and volume of water)
for each seine sample was relatively equal, and CPUE
was calculated as catch per haul (#/haul).

For each seine and trawl sample, all fishes were iden-
tified to species, counted, measured for total length
(TL; mm), and weighed (g; aggregate weight by
species). Skates (Leucoraja spp.) were identified to
genus and included little skate (Leucoraja erinacea)
and winter skate (Leucoraja ocellata).

Water Temperature Assessment and Season
Identification

Bottom water temperature was recorded with a YSI
600XL water quality meter for each seine and trawl
sample (total samples = 128). Instrument failure
prohibited water temperature collection on 18 Sep-
tember and 11 November 1998. Trawl and seine
stations were separately analyzed to demonstrate
difference between shallow and deep waters, and
data were described by mean and standard error to



show the yearly range of temperature. Trawl water
temperature data were compared with the one-way
analysis of variance (ANOVA; p<0.05) to investigate
spatial (station) variability. Season delineation was
determined by investigating general trends of bot-
tom water temperature (i.e., increasing, decreasing,
or stable) and trawl catches (i.e., variation in CPUE
and species assemblage characteristics). These fac-
tors provided a rationale for grouping the data by
season.

Fish Community and Trawl Station
Characterization

Trawl and seine catches were individually analyzed,
but the discrete sampling methods collectively pro-
vided a description of the harbor fish community.
Species composition (% of total CPUE), richness
(# of fish species), and total fish relative abundance
(species combined, mean CPUE = standard error;
SE) were the parameters used to describe the fish
community. Trawl stations and sample periods were
combined to describe the overall fish community of
the harbor. The temporal characterization of the fish
community included analyses by season and month
(justification for grouping data by four seasons is
presented below). Spatial features were compared by
investigating individual trawl stations. Analyses by
season and station included relative abundance (mean
CPUE = SE), species richness (mean richness + SE),
and composition (% total CPUE). Relative abun-
dance (total fish monthly mean CPUE = SE) was
analyzed for the seine data to describe temporal char-
acteristics of shallow water fishes. The species list
and monthly presence were described by combining
otter trawl and beach seine data.

This study examined the hypothesis that temporal
and spatial variation in fish assemblage structure
existed in Gloucester Harbor. Comparison of sea-
sonal species richness was made with ANOVA, and
the Tukey Test examined difference between seasons
(p<0.05). Parametric assumptions were not always
met for variables based on otter trawl samples; there-
fore, nonparametric methods compared assemblage
features. Seasonal CPUE, station CPUE, and station
species richness were compared with Kruskal-Wallis
Test (non-parametric ANOVA for multiple groups,
p<0.05). If significant differences were detected with
the Kruskal-Wallis statistic, the Mann-Whitney Rank
Sum Test (non-parametric statistical equivalent to T-
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Test for two groups) was used to evaluate two samples
(e.g., spring and winter CPUE). The Bonferroni
correction adjusted the Mann-Whitney statistic sig-
nificance value (p<0.0125) to reduce the potential of
type L error (i.e., rejection of true null hypothesis) for

each comparison (Sokal and Rohlf 1995).

Relative Abundance and Length Frequency
Seasonal variation in relative abundance and length-
frequency distributions was examined for common
species. Relative abundance analysis focused on the
top nine species (by number). Length-frequency
distributions were described for Atlantic cod (Gadus
morhua), winter flounder (Pseudopleuronectes ameri-
canus), and skates (Leucoraja spp.).

RESULTS

Season Delineation

Four seasons were identified by comparing water tem-
perature and fish data. Water temperature fluctuation
generally corresponded to total relative abundance
(Figure 4.2). Seasonal characteristics are summarized
in Table 4.2. Spring (April-June; 5 sample periods)
was characterized by increasing water temperature and
relatively high abundance and richness of fishes; sum-
mer (July-September; 6 sample periods) had warm
water and relatively stable abundance and moderate
richness of fishes; fall (October-December; 4 sample
periods) illustrated dramatic water temperature de-
cline, a slight increase and subsequent decrease in
relative abundance, and comparatively high species
richness; winter (January-March; 3 sample periods)
was characterized by stable low water temperatures
and low abundance and richness of fishes.

This study used assemblage composition and species
richness to assist in determining seasons (Table 4.2;
detailed examination of fish data provided below).
Characteristics, such as the presence of juvenile At-
lantic cod and shorthorn sculpin, overlapped between
late winter (March) and early spring (April). The
substantially larger catches (total CPUE by number)
of Atlantic cod and shorthorn sculpin, occurrence of
juvenile pollock, and higher species richness (total
number of fish species) in April was used as an ecolog-
ical indicator of the winter-spring transition. These
defined seasons were used for additional analyses of
the fish community throughout the study.
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FIGURE 4.2 Seasonal illustration of sample period mean and variation in bottom
water temperature and relative abundance of fishes (water temperature and total
CPUE for ofter frawl data). Water temperature not collected on 18 September and 11

1998.
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TABLE 4.2 Seasonal water temperature, relative abundance of fishes (total fish catch of combined ofter trawl
stations) and species richness (total number of fish species per sample period). Mean (SE) included where relevant.

Season Months® Water Temperature (°C) CPUE Species Richness
Spring ApriHune (5) 7.6(0.5) 31.0(10.4) 11.0(1.6)
Summer July-September (6) 1.51(0.6) 9.4 (1.3) 7.3(0.8)
Fall OctoberDecember (4) 10.2 (0.6) 16.6 (3.3) 10.5(1.0)
Winter January-March (3) 3.6 (0.2) 4.8 (1.6) 3.3 (1.3)

*Number of sample periods are given in parentheses.

Water Temperature

Water temperature (mean water temperature = SE)
at trawl stations ranged from 2.9 +0.1°C
(18 March 1999) to 14.8 + 2.8°C (2 Septem-
ber 1998). Temperature from the seine stations
ranged from 3.3 + 0.1°C (18 February 1999) to
19.0 £ 0.7°C (22 July 1998). Water temperature
at seine stations was higher compared to the trawl
stations during June and July 1998 and May 1999
and comparable among seine and trawl stations from

end of August 1998 to March 1999 (Figure 4.3).

Bottom water temperatures at trawl stations were not

significantly different (ANOVA, p>0.05; Table 4.3).
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IH (9.2 £1.0°C) and OH (7.8 £ 0.7°C) had the
highest and lowest mean temperature, respectively.
Variability observed in bottom water temperature
suggested that IH water temperature was notably
higher than outer harbor stations (SEH, WH, and
OH) during July, August, and September.

Fish Community Characteristics

Twenty-nine fish species were collected in Glouces-
ter Harbor, including the trawl (22 fishes) and seine
(20 fishes; Table 4.4). A total of 1,786 fish (trawl,
N = 1,165; seine, N = 621) were collected during the
study (Appendix 4.1-4.4d). Community character-
istics differed between trawl and seine samples.
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FIGURE 4.3 Bottom water temperature (mean + SD) at seine and trawl stations for
each sample period, June 1998 to May 1999. Water tfemperature not collected on

November 1998.

18 September and 11

TABLE 4.3 Seasonal mean bottom water temperatures (SE) at ofter frawl stations. Total represents study mean.

Station Spring Summer Fall Winter Total

Southeast Harbor 7.41(1.3) 11.0(0.6) 10.1 (1.4) 3.6(0.5) 8.3 (0.8)
Outer Harbor 6.6 (0.9) 10.2 (0.7) 10.3 (1.4) 3.6(0.5) /.8(0.7)
Western Harbor 7.8 (1.1) 12.0(1.2) 10.1(1.3) 3.7 (0.5) 8.8 (0.9)
Inner Harbor 8.4 (0.7) 12.9(1.5) 10.1(1.4) 3.6 (0.6) Q.2 (1.0)

Trawl collections were comprised of skates (24.9%),
winter flounder (24.1%), Atlantic cod (22.5%), and
other demersal fishes (e.g., rock gunnel [3.4%],
shorthorn sculpin [3.3%], red hake [3.1%], and
pollock [3.1%]) (Figure 4.4). Skates dominated
overall harbor biomass (80.0% of total biomass).
Fish composition varied between the seasons (Figure
4.5). Juvenile recruitment of Atlantic cod (35.2%)
and pollock (5.8%) to nearshore waters was observed
in spring. Spring samples contained 19 total species,
including skates (19.9%), winter flounder (19.8%),
and shorthorn sculpin (5.0%). Skates (45.6%) and
winter flounder (24.3%) constituted the majority of
the summer composition (15 total species). Fifteen
species were collected during fall. These samples
were dominated by winter flounder and skates
(32.2% and 24.0%, respectively), with Atlantic
cod (8.6%), cunner (5.6%), red hake (5.2%), and
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lumpfish (4.6%) constituting a substantial portion.
The winter fish assemblage (7 species) was comprised
of winter flounder (31.6%), Atlantic cod (31.6%),
rock gunnel (15.8%), shorthorn sculpin (8.8%),
cunner (5.3%), and grubby (5.3%).

The number of fishes (species richness) varied
through the study (Figure 4.6). The greatest fish
species richness was observed during late summer,
early fall, and spring. Fifteen species were found in
October 1998, and April and May 1999. The lowest
richness was during the winter (January [2 species]-
March [6 species]). Species richness differed by sea-
son (Table 4.2; ANOVA, p<0.05), with spring (mean
total # of species per sample period + SE; 11.0 £ 1.6;
Tukey, p<0.05) and fall (10.5 £ 1.0; Tukey, p<0.05)
greater than winter (3.3 £ 1.3).
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TABLE 4.4 Common and scientific names of fishes encountered in the June 1998 to May 1999 ofter trawl
and beach seine survey, seasonal presence® and method of collection.

Collection
Common Name Scientific Name Seasonal Presence® Method
American sand lance  Ammodytes americanus  October (1) seine
Atlantic cod Gadus morhua June; August; OctoberNovember trawl
March-May (7)
Atlantic menhaden Brevoortia tyrannus September-October (2) seine

Atflantic silverside

Bay anchovy

Blueback herring

Bluefish
Butterfish
Cunner

Crubby

Longhorn sculpin

Lumpfish
Mummichog

Northern pipefish

Northern puffer

Ocean pout
Pollock

Radiated shanny

Rainbow smelt
Red hake

Rock gunnel

Sea raven
Seasnail spp.

Shorthorn sculpin

SkatesP

Threespine stickleback

White hake
Windowpane

Winter flounder

Menidia menidio
Anchoa mitchilli

Alosa aestivalis
Pomatomus saltatrix
Peprilus triacanthus
Tautogolabrus adspersus

Myoxocephalus aenaeus

Myoxocephalus
octodecemspinosus

Cycloprerus lumpus
Fundulus heferoclitus
Syngnathus tuscus

Sphoeroides maculatus

AugustDecember; February-May (9)
July-August (2)

June-August (3)

September (1)

September (1)

Juneuly; September-November;
February-May (9]

June-October; Decemberanuary;
April (8)

September-December; May (5)

June; AugustDecember (6)
August; OctoberNovember (3)

Juneuly; September-November;
April (6]
September (1)

Macrozoarces americanus ApriFMay (2)

Pollachivs virens
Uhlvaria subbifurcata
Osmerus mordax
Urophycis chuss
Pholis gunnellus

Hemitripterus americanus
Liparis spp.
Myoxocephalus scorpius
leucoraja spp.
Gasterosteus aculeatus
Urophycis tenuis
Scophthalmus aquosus

Pseudoplevronectes
americanus

AprikMay (2)

June; April (2)

July; SeptemberDecember; April (6)
June-November; AprilMay (8)

Juneduly; September-December;
February-May (10)
June; October; May (3)

August; April-May (3)

June; OctoberNovember; March-May (6]
JuneDecember; Apri-May (9)

June; May (2)

June; April (2)

JuneDecember; March; May (9)
Junedanuary; MarchMay (11)

seine & traw/
seine

seine & trawl
seine
trawl

seine & trawl

seine & traw!
traw!

seine & trawl
seine

seine & traw!

seine

frawl
seine & trawl

trawl
seine & frawl
seine & trawl
seine & trawl

trawl
trawl
seine & trawl
frawl
seine
trawl
seine & trawl
seine & frawl

“Total number of months present are given in parenthesis.

bSkates are mix of little skate [levcoraja erinacea) and winter skate [levcoraja ocellaral
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FIGURE 4.4 Fish composition (%) of ofter frawl stations

(ofter trawl stations combined; total CPUE by number)
in Gloucester Harbor, June 1998 to May 1999.

SPRING SUMMER

Adlanies cod

FIGURE 4.5 Seasonal percent composition (%) of fishes (ofter trawl sfations combined; CPUE by number).
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FIGURE 4.6 Monthly total fish species richness (# of species) in Gloucester Harbor
from June 1998 to May 1999 (rawl stations combined).

There was significant seasonal variability in the
total relative abundance of fishes (Kruskal-Wallis,
p<0.001). Spring collections (mean CPUE =+ SE;
31.0 + 10.4 CPUE) were greater than summer
(9.4 = 1.3 CPUE; Mann-Whitney, p<0.0125) and
winter (4.8 + 1.6 CPUE; Mann-Whitney, p<0.001)
but not different than fall (16.6 + 3.3 CPUE; Mann-
Whitney, p=0.3). The greatest variance (based on
SE) of CPUE was observed during spring. Summer
catches did not differ from winter (Mann-Whitney,
p=0.02), but fall CPUE was greater than winter
(Mann-Whitney, p<0.0125).

There were notable monthly fluctuations in relative
abundance, and seasonal relative abundance was often
influenced by large catches within a particular month
(Appendix 4.1-4.2d). April (34.8 + 6.8 CPUE) and
May (46.5 + 25.1 CPUE) presented the highest
monthly catches, contributing to the spring rela-
tive abundance. Winter had low relative abundance
with the lowest catches in January (3.2 + 1.4 CPUE)
and February (0.8 + 1.4 CPUE). Fall abundance
was influenced by October (19.3 + 3.5 CPUE) and
November (20.8 + 10.2 CPUE) samples.

The seine collections were dominated by relatively
large catches of Atlantic silverside in September (total
catch by number = 162) and early October (301).
Atlantic silverside contributed 77% of total seine
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catch by number. A relatively large catch of lumpfish
occurred in early September (37 fish at HM). The
lumpfish were associated with beach wrack (personal
observation). Seine catches (# of fish/haul) were con-
sistently low throughout the study (Appendix 4.3-
4.4d). Low catches ranged from 1.3 to 3.4 fish per
haul (June-August 1998) and 0 to 1 fish per haul
(November 1998-May 1999), and catches peaked
in September (26.8 £ 12.7 fish/haul) and October
(41.2 £ 35.7 fish/haul). American sand lance, Atlan-
tic menhaden, bay anchovy, bluefish, mummichog,
northern puffer, and threespine stickleback were spe-
cies collected by the seine and not trawl sampling

(Table 4.4).

Temporal frequency (# of months present) was de-
termined using trawl and seine data (Table 4.4). At-
lantic silverside, cunner, grubby, rock gunnel, skates,
windowpane, and winter flounder were collected at
a minimum of one station during 75% (or greater)
of the months. Atlantic cod, lumpfish, northern
pipefish, rainbow smelt, red hake, and shorthorn
sculpin were found during 50% (or greater) of the
months. Other demersal fishes (e.g., longhorn scul-
pin, sea raven, and ocean pout) and several schooling
(e.g., Atlantic menhaden) and anadromous fishes,
such as rainbow smelt and blueback herring, were
infrequently collected but were important seasonal
components of the fish assemblage.
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Station Community Assessment

Relative abundance, species richness, and com-
position were variable between otter trawl sta-
tions. The greatest total mean CPUE was found
at WH (27.3 + 11.2 CPUE), but was not signifi-
cantly higher than SEH (14.7 + 4.1 CPUE), IH
(14.1 £ 3.4 CPUE), and OH (8.8 + 2.2 CPUE)
(Kruskal-Wallis; p=0.05) (Figure 4.7). Station total
mean CPUE was frequently affected by relatively large
individual catches (Appendix 4.2a-4.2d). The WH
mean was particularly influenced by a large catch of
young-of-year (YOY) Atlantic cod (151.0 CPUE)
on 12 May 1999.

Seasonal characteristics of relative abundance varied
among trawl stations (Figure 4.8; Appendix 4.2a-
4.2d). Seasonal relative abundance was greatest
in spring at SEH (31.9 + 11.7 CPUE) and WH
(60.5 + 38.7 CPUE). Large catches of YOY Atlan-
tic cod affected the spring CPUE at WH and SEH.
OH (16.2 £ 6.9 CPUE) and IH (23.7 + 10.2 CPUE)
illustrated highest relative abundance during the fall.
The IH collections in the fall were predominantly
comprised of winter flounder (48.0% of fall CPUE).
Summer and winter collections did not substantially
vary among stations.

Species richness (total # of species per sample
period) did not differ among otter trawl stations
(Kruskal-Wallis; p>0.05). Species richness (mean
richness + SE) was 4.9 + 0.6 species at WH, 4.1 £ 0.6
species at SEH, 4.1 + 0.7 species at IH, and 3.4
+ 0.5 species at OH.

Skates, winter flounder, and Atlantic cod were domi-
nant components of catch composition at each trawl
station but composition varied (Figure 4.9). SEH
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total catch was comprised of winter flounder (22.5%),
skate species (21.4%), and less common species, in-
cluding Atlantic cod (15.2%), rock gunnel (9.8%),
and pollock (9.5%). Winter flounder accounted for
35.7% of the OH total catch with notable catches of
Atlantic cod (19.5%), skate species (10.1%), cunner
(8.2%), and longhorn sculpin (3.2%). WH com-
munity consisted of Atlantic cod (35.2%), skates
(32.4%), and winter flounder (16.4%). Winter
flounder (33.4%) and skates (23.1%) dominated
IH composition, and Adantic cod (7.3%), grubby
(5.4%), shorthorn sculpin (4.4%), windowpane
(4.1%), and rainbow smelt (4.1%) contributed
smaller portions to the catch.
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FIGURE 4.9 Trawl station fish composition (% of total CPUE; by number) in Gloucester Harbor, June

1998 to May 1999.

Seasonal Abundance of Common Species

Seasonal occurrence and relative abundance of com-
mon fishes was illustrated by total CPUE per sample
period (Figure 4.10). Skates were abundant in the
spring, summer, and fall, and were absent in the win-
ter. Winter flounder were abundant throughout the
year, peaking in October-November 1998 and April
and early-May 1999. Windowpane presented two
peaks in abundance (9 July 1998 and 12 May 1999).
Pollock were collected in spring 1999 (April and
May). Atlantic cod were found in summer (25 June
and 19 August) and fall (October and November) of
1998 and at a substantially higher relative abundance
from March-May 1999. Rock gunnel were encoun-
tered during most of the study, with two peak periods
of abundance from September-November 1998 and
March-May 1999. Shorthorn sculpin were relatively
abundant during spring 1999 (March-May 1999).
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Red hake were present throughout the study, except
during the winter (January-March 1999), peaking
in June-July and October-November 1998. Cunner
were abundant during October-November 1999 and
12 May 1999.

Atlantic Cod, Winter Flounder, and Skate
Species Length Distribution

Atlantic cod collected were YOY, ranging from 24
mm TL to 125 mm TL (Figure 4.11). The 1998
YOY cod were collected in June, August, October,
and November 1998. The 1999 year class recruited
to the harbor in March 1999 and remained through
May 1999. Analysis of length illustrated that cod
recruited to the harbor around the period of settle-
ment (~25-50 mm TL; Fahay et al. 1999), and modal
progression of length provided evidence of growth
(Figure 4.12). Cod size distribution and mean size
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FIGURE 4.13 Composite length frequency of fofal winfer flounder
(Pseudopleuronectes americanus) in Gloucester Harbor; trawl samples.
N=total number of winter flounder collected during the study.

increased from March to May 1999 (Table 4.5).
Mean length observed in October 1998 and 26
May 1999 were similar.

YOY, age 1 (yearling), and older winter flounder were
found in the harbor, and there was considerable over-
lap in age class (Howe personal communication; Able
and Fahay 1998) (Figure 4.13). YOY and age 1 fish
(25 mm to ~ 160 mm TL) were present throughout
the study. Multiple year classes, including age two
fish and older (220 mm to 425 mm TL; age 2 to
5), age 1 fish (1997 year class; 60 mm to ~140 mm
TL), and YOY (1998 year class; < 50 mm TL) were
collected from June 1998 to October 1998 and May
1999 (Appendix 4.5). YOY winter flounder were first
collected in August 1998 (25 mm to 50 mm TL) and
apparently remained in the harbor. During June to
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November 1998, yearlings (1997 year class; 60 mm
to ~180 mm TL) were mostly collected. Relatively
low abundance was seen in December 1998-March
1999. Winter flounder collected during this pe-
riod appeared to be a mix of YOY and age 1 fish
(43 mm to 129 mm TL; average length = 79.1 mm
TL). Catches increased during April to May 1999
and were mainly 1998 YOY. Larger individuals were
also collected in May 1999.

Skate length ranged from 115 mm TL to 595 mm TL
(mean TL £ SE =437.9 £ 5.1). Chase et al. (2002)
identified a subset of skates (Leucoraja spp.) collected
in Salem Sound to species and indicated the major-
ity of skates were little skate (Leucoraja erinacea).
Based on the Chase et al. (2002) study, similarity in
embayments with respect to geographic location and

Talad Leng®h (e}

FIGURE 4.14

Composite length frequency of total skates (Leucoraja

spp.) collected in Gloucester Harbor. N=total number of skates

collected during the study.
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TABLE 4.6

Fishes collected at Southeast Harbor and Outer Harbor trawl

stations during 1966 - 1967¢ (Jerome et al. 1969) and 1998 - 1999 surveys.

Common Name Scientific Name 1966-1967¢  1998-1999
Aflantic cod Gadlus morhua X X
Ailantic tomcod Microgadus fomcod X

Blueback hering  Alosa aestivalis X
Cunner Tautogolabrus adspersus X X
Crubby Myoxocephalus aenaeus X
longhorn sculpin  Myoxocephalus X

oclodecemspinosus
Lumpfish Cyclopterus lvmpus X X
Northern pipefish  Syngnathus fuscus X
Ocean pout Macrozoarces americanus X
Pollock Pollachivs virens X X
Rainbow smelt Osmerus mordax X X
Red hake Urophycis chuss X
Rock gunnel Pholis gunnelus X
Sea raven Hemitripterus americanus X X
Seasnail Liparis spp. X X
Shorthorn sculpin Myoxocephalus scorpivs X
Skates leucoraja spp. X
White hake Urophycis fenuis X
Windowpane Scophthalmus aquosus X
Winter flounder Pseudoplevronectes X X
americanus
Yellowtail flounder  Limanda ferruginea X
Total Species = 10 19

eStations identified as Niles Beach and Southeast Harbor in 1966 - 1967 were approximately
located at the 1998 - 1999 Southeast Harbor and Outer Harbor stations, respectively.

habitat, and life history reviews (Packer et al. 2000a;
Packer et al. 2000b), skates collected during this sur-
vey were presumably little skate. Little skate life
history information was used for the skate length
results and discussion.

The majority of skates collected were juvenile (sexu-
ally immature; < 500 mm TL) (Figure 4.14). Skates
were largely found in the range of 340 mm TL to
540 mm TL with a few smaller (YOY and 1 year
skates < 200 mm TL) and larger (> 540 mm TL; age
5 and older). Skates were substantially larger, dem-
onstrated by length and biomass, than other fishes
collected during the survey.

56

DISCUSSION

This study described the fish community in
Gloucester Harbor during 1998-1999, and was the
first assessment of fishes since 1966-1967 (Jerome
etal. 1969). Environmental conditions and qual-
ity, fish populations and human influences changed
during the past 30 years. This study cannot directly
evaluate the effect of these changes on coastal fishes,
and comparison of the 1998-1999 and 1966-1967
studies are qualitative (Table 4.6). The 1998-1999
study updated findings from 1966-1967 (Jerome
et al. 1969) and provided baseline data for future
studies and monitoring.



Water Temperature & Seasonal Classification

Large-scale oceanographic attributes, including water
temperature, salinity, and depth, influence the rela-
tive abundance, distribution, and composition of
fishes (e.g., Oviatt and Nixon 1973; Colvocoresses
and Musick 1984; Gabriel 1992). These attributes
and processes seasonally fluctuate and demonstrate
interannual and intraannual variation. Resource
management strategies, such as seasonal restrictions
applied to coastal alteration projects, and monitoring
programs (e.g., environmental assessment) frequently
attempt to predict the variation in environmental at-
tributes to achieve and optimize program objectives.
Data used to inform management and monitoring
decisions are often aged or absent and require valida-
tion. This study investigated approaches to identify
ecologically appropriate and distinct seasons based
on the combination of biotic and water temperature
characteristics in Gloucester Harbor to characterize
and explain—in part—the temporal variation of fish

assemblages from June 1998 to May 1999.

Water temperature showed a typical seasonal cycle
with peak temperature in late summer to lowest
temperature in winter. Higher spring and summer
water temperatures at beach seine sites compared
to deep water trawl stations were predictable given
the capacity of shallow water to warming. Water
temperature did not differ between trawl stations,
but data suggested episodic occurrence of warmer
temperature at IH and WH during summer and early
fall. Reduced tidal flushing in the inner harbor, oc-
curring from meteorological events (e.g., southwest
winds) and the semi-enclosed geography and man-
made structures that limit tidal exchange, can affect
water temperature. WH temperature was potentially
influenced by daily tidal activities and water flow
from the Annisquam River. Outer harbor water
temperature, including SEH and OH stations, may
be dominated by tidal flushing with waters outside
of Gloucester Harbor (i.e., Massachusetts Bay).

Water temperature generally affected fish commu-
nity structure, and periods of the warmest (summer)
and coolest (winter) water temperature presented
relatively stable water temperature and fish assem-
blage characteristics (Figure 4.2). Fall and spring
were more complex, showing prominent tempera-
ture and fish assemblage change. The winter-spring
transition was clouded because of similar features
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(water temperature and fish assemblage) observed
in March and April, but fish community attributes,
including the presence and relative abundance
of juvenile fishes (i.e., Atlantic cod, pollock, and
shorthorn sculpin) and species richness, facilitated
the spring designation. This transition may be an
ecologically important period. The seasons were
effectively used to group data, investigate temporal
variation, and describe fish community structure, and
they corresponded to other Gulf of Maine studies
(Ayvazian et al. 1992; Lazzari et al. 1999). Multiple-
year surveys are needed to rigorously assess temporal
trends, including interannual and intraannual varia-
tion; therefore, season identification and discussion
were limited in this study by the lack of interannual
comparisons.

Understanding long- and short-term seasonal variabil-
ity is tantamount to effective resource management
and monitoring. For example, this study showed
the change in the relative abundance and size of
juvenile cod species through one year, suggesting
that nearshore Gulf of Maine waters are especially
important for juvenile cods in late winter to early
spring. Increased frequency of fish sampling from
early March to June may further characterize the
importance of nearshore environments to the sur-
vivorship and growth of Atlantic cod and pollock.
Targeted experiments and long-term monitoring may
improve the understanding of seasonal fluctuation
of biotic and abiotic qualities, and provide data to
support, justify and improve seasonal management
strategies (i.e., environmental windows).

Fish Community

The composition of fishes in Gloucester Harbor
consisted of a high proportion of resident species
and seasonal peaks in relative abundance of transient
species, which is characteristic of boreal fish com-
munity structure (Ayvazian et al. 1992). Resident
species were found at varying relative abundance
throughout the study. Transients included marine
and anadromous fishes and largely contributed to
the total catch. Catches were principally comprised
of demersal juvenile fishes that are effectively col-
lected with the otter trawl used in this study (i.e.,
small otter trawls potentially underestimate larger,
older individuals and pelagic species that avoid the
sample gear). Skates, winter flounder, and Atlantic
cod were dominant taxa in each season. These species
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were also the three most abundant species in a recent
Salem Sound study (Chase et al. 2002). Relative
abundance (CPUE) and species richness were high-
est in the spring and fall. This observation differs
from Salem Sound findings of the highest relative
abundance and richness in warmer summer and fall
months (Chase et al. 2002). The variability between
Salem Sound and Gloucester was probably the result
of interannual variation or unidentified differences
in habitat condition.

Jerome et al. (1969) studied fishes of the Annisquam
River and Gloucester Harbor, and sampling stations
included salt marsh and harbor habitats. The cur-
rent study exclusively focused on harbor waters. The
SEH and OH trawl stations were sampled during
both studies (or were approximately located in similar
areas of the harbor). These stations allowed qualita-
tive comparison between fish community attributes
described in 1966-1967 and 1998-1999 (Table 4.6;
Jerome et al. 1969).

Total species richness and species presence showed
notable differences between the two studies, with
more fish species collected in 1998-1999 (19 species)
than in 1966-1967 (10 species). Winter flounder
and Atlantic cod represented major parts of the catch
during the 1966-1967 and 1998-1999. Skates were
not collected at the analogous trawl stations during
1966-1967, but skates were a dominant component
(i.e., relative abundance and biomass) in 1998-1999.
Skates were a minor contributor to collections at a
1966-1967 trawl station located south of the harbor
(outside Dog Bar Breakwater). No yellowtail floun-
der were collected in 1998-1999 and were the third
most abundant (by number) species in 1966-1967.
Commercially exploited species, including ocean
pout, red hake, white hake, and windowpane, and
species not targeted for harvest (i.e., grubby, long-
horn sculpin, northern pipefish, rock gunnel, and
shorthorn sculpin) were present in 1998-1999 but
not 1966-1967 (Table 4.6).

Species richness and presence observed in this
study and recent Massachusetts Bay surveys (Chase
et al. 2002; Buchsbaum et al. 2003) differed from
historic studies (e.g., Jerome et al. 1969), which sug-
gests a shift in the demersal fish community struc-
ture from the 1960s to the late 1990s. Changes
have been reported in other New England estuaries
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(i.e., diminished flounder distribution and abundance
and an increased proportion of pelagic species in the
fish community; Jeffries and Terceiro 1985; Meng
and Powell 1999; Hughes et al. 2002b; Wyda et al.
2002), and oceanic systems (i.e., replacement of cod
and flounder species by dogfish sharks and skates;
Fogarty and Murawski 1998). Differences between
recent and historic studies may be due to different
survey methodology, natural population fluctuation,
or anthropogenic perturbation (e.g., commercial
exploitation, indirect effects of fishing and habitat
degradation), but repeated results provide strong
indication of a change in the fish community. The
cause for faunal change is not known. Large-scale
environmental variation, such as water temperature,
will influence catches (Jeffries and Terceiro 1985)
and the seasonal distribution and presence of species.
Discussion of possible shifts in relative abundance and
composition of fishes warrants attention, and detailed
examination of long-term datasets and continued
monitoring of coastal fishes in the Gulf of Maine are
necessary for elucidating status and trends.

Recent studies offered an opportunity to discuss
fish community attributes observed in other Gulf of
Maine nearshore systems. Chase et al. (2002) found
43 species, counting otter trawl (35 species) and seine
(23 species) samples, in Salem Sound, Massachusetts.
Discrete habitats were surveyed in Salem that were
not investigated in Gloucester (i.e., eelgrass and tidal
riverine habitats). Thirty-three species were found
in Plum Island Sound, Massachusetts (Buchsbaum
et al. 2003). Plum Island Sound contains extensive
salt marsh habitats, and fishes were sampled using
a beach seine and otter trawl. Kennebec and Wells
Harbor, Maine, studies collected 27 and 24 fish spe-
cies, respectively (Lazzari et al. 1999; Ayvazian et
al. 1992). The Kennebec study used a fyke net to
sample salt pond habitat and a beach seine to sample
sandy beach habitat. Beach seine and otter trawls
were used to collect fishes in intertidal and subtidal
habitats (e.g., salt marsh, mudflat, and sandy beach)
in Wells Harbor.

Twenty-nine fishes were collected in Gloucester Har-
bor, sharing species with the other boreal embay-
ments of the Gulf of Maine (Ayvazian et al. 1992;
Lazzari et al. 1999; Chase et al. 2002; Buchsbaum
et al. 2003), a boreal-temperate mixed estuary of Cape
Cod (Heck et al. 1989), and southern New England



systems, such as Buzzards Bay (Wyda et al. 2002)
and Narragansett Bay (Oviatt and Nixon 1973;
Meng and Powell 1999). Similar species observed
in southern New England waters and Gloucester
Harbor were fishes with broad geographic range
that overlap temperate and boreal environments,
such as Atlantic silverside, cunner, mummichog,
northern pipefish, red hake, threespine stickleback,
and winter flounder, and fishes (e.g., sculpin species
and lumpfish) that range from the northern portion
of the Virginian zoogeographic province (i.e., New
Jersey) northward through the Gulf of Maine (Big-
elow and Schroeder 1953; Murdy et al. 1997).

Taxa were more similar among Gulf of Maine embay-
ments that contained similar habitat features. Mum-
michog, Adantic silverside, and stickleback species
were dominant from samples in or near salt marsh
habitat (Ayvazian et al. 1992; Lazzari et al. 1999; Bu-
chsbaum et al. 2003). Winter flounder, skates, and
Atlantic cod were the three most abundant species
in Salem Sound (Chase et al. 2002) and Gloucester
Harbor. Trawl stations sampled within Salem Sound
and Gloucester Harbor were characterized by an un-
consolidated soft sediment benthic environment, and
the shoreline includes highly developed coast, sandy
beaches, and exposed, rocky coast. Gloucester Har-
bor and Salem Sound are marine systems with areas
of deep water and relatively little freshwater input;
while systems with salt marsh habitat are generally
located in regions with shallow water and comparably
more freshwater flow.

This does not suggest that the urban qualities of
Salem Sound and Gloucester Harbor are more or less
productive than salt marsh systems, but does suggest
that habitat features and functions in these areas are
substantially different and support different species
assemblages than the identified Gulf of Maine envi-
ronments (Ayvazian et al. 1992; Lazzari et al. 1999;
Buchsbaum et al. 2003). Species richness should be
cautiously evaluated between studies because of the
confounding factors, including methodology (e.g.,
sample periods, gear efficiency, and catch stability)
and habitat type, extent, and condition, which influ-
ence fish species presence. The Gulf of Maine studies,
in combination, elucidated the regional diversity of
fishes inhabiting nearshore environments.

59

Gloucester Harbor Characterization: Fish

Nursery Habitat

A relatively diverse assemblage of early life stages
of fishes were collected during this study and sup-
ported Jerome et al. (1969) observations of juvenile
fish presence. Environmental requirements of early
juvenile phases of fish and the relative importance
of nearshore and offshore habitat conditions to early
ontogenetic development is an important aspect of
Gulf of Maine fish ecology. Processes that mediate
survivorship and growth are especially important to
fishes during their first year (Able and Fahay 1998).
The understanding of environmental conditions
necessary before and after settlement to the seafloor
is well developed for tropical and temperate fishes
(reviewed by Able and Fahay 1998), and the value of
coastal waters to juvenile development is generally ac-
cepted (Hoss and Thayer 1993). This concept is not
thoroughly described for Gulf of Maine waters.

Gloucester Harbor has experienced extensive urban-
ization and shoreline development along the inner
harbor and development within the watershed dur-
ing the past three centuries. Harbor waters were
traditionally used for waste disposal (industrial and
sewage), areas of the inner harbor contain contami-
nated seafloor sediments, navigation channels support
active maritime industries, and contemporary inputs
(e.g., urban and residential run-off) influence envi-
ronmental quality. Despite the magnitude and extent
of change to the natural environment, Gloucester
Harbor contains nursery habitat. The persistence
of important nursery habitats supported findings
from other urban harbors, including Salem Sound
(Chase et al. 2002), New Bedford Harbor (Wilbur
et al. 1999; Geoghegan and Wilbur 2003), Provi-
dence River (Meng et al. 2002), and New York
Harbor (Able et al. 1998 and 1999). The presence
of resident species, including commercially exploited
winter flounder and windowpane and non-target
species (e.g., cunner, lumpfish, and rock gunnel),
and the seasonal recruitment of marine YOY fishes
(e.g., Atlantic cod, pollock, red hake and shorthorn
sculpin) demonstrated the use of Gloucester Harbor
as nursery habitat.

Habitat Relationships of Atlantic Cod, Winter
Flounder, and Skate Species

Coastal waters, containing eelgrass beds and rocky
bottom, and offshore shoal areas (e.g., northeast
peak of Georges Bank) are important to Atlantic
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cod during their first year (Bigelow and Schro-
eder 1953; Fahay et al. 1999; Collette and Klein-
MacPhee 2002). However, habitat requirements for
recently settled cod are relatively unknown (Fahay
et al. 1999). Howe et al. (2000b) described the
importance of Massachusetts Bay coastal waters to
YOY and age 1 cod, but the study did not include
sampling within nearshore embayments and harbors.
All Atlantic cod collected in this study were YOY,
and many were newly settled juveniles (i.e., ~25-50
mm TL). Early life history stages tend not to migrate
far from spawning locations (Fahay et al. 1999), sug-
gesting Gloucester was in close proximity to spawn-
ing areas of the western Gulf of Maine. This study
supported observations of high densities of juvenile
cod inhabiting Massachusetts Bay and off Cape
Ann (Fahay et al. 1999; Howe et al. 2000b). The
modal progression of monthly length frequency from
March to May 1999 provided evidence of growth
and indicated the importance of harbor waters to
early ontogeny. An interesting observation was the
co-occurrence of YOY pollock with samples contain-
ing cod in April and May 1999.

Atlantic cod were collected within a range of uncon-
solidated soft mud to sand sediments (NAI 1999a;
Valente et al. 1999; USGS 2000; SAIC 2001) and
water temperature from 2.9°C (mid-March) to
12.5°C (early October 1998). The largest catches
occurred from 4.6°C to 9.3°C (May 1999). The
observation of YOY cod in October 1998 and spring
1999 indicated an extended spawning period through
the summer or two distinct spawning episodes during
the study, and supported and improved the Howe et
al. (2000b) description of the value of shallow Gulf of

Maine waters, including harbors, to juvenile cod.

Coastal waters are used by all life stages of winter
flounder and are particularly valuable to spawn-
ing and early life history development (see review
by Periera et al. 1998). Winter flounder collected
were predominately YOY and age 1. Winter floun-
der were found all year (except February) at stations
with unconsolidated mud and sand. Water tempera-
tures ranged from 2.8°C (March 1999) to 16.5°C
(early-September 1998), with peak abundance in
late-October (10.5°C) to November (no tempera-
ture recorded) 1998 and April (4.7°C) to early-May
(8.5°C) 1999. The highest catches were composed
of young fish. The presence of YOY winter flounder
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and the non-dispersive behavior of eggs and larvae
(Pereira et al. 1998) indicated that Gloucester Harbor
was in the vicinity of spawning grounds and pro-
vided suitable nursery habitat. Larger winter flounder
(>1 year) were seen in June-August 1998 and May
1999. Winter flounder remain common residents
of nearshore waters despite diminished population

levels (NMES 1998).

Skates dominated the biomass of bottom-dwell-
ing fishes and were the largest fish collected
(i.e., >200 mm TL) throughout the study. Skates
were observed at temperatures ranging from 4.6°C
(26 May 1999) to 17.8°C (2 September 1998) and
at stations with a range of unconsolidated soft mud
and sand. Skate abundance (number and biomass)
was relatively consistent from June to October 1998
and May 1999, with peak abundance in late-June
1998 (11.3°C) and mid-May 1999 (9.3°C). Skates
apparently migrated offshore during winter. The
abundance, size, and feeding habitats of skates (Pack-
er et al. 2000a) suggested the skate complex could
influence overall composition of the demersal fish
and benthic community. Skates are carnivorous and
feed on a range of benthic creatures, including fishes
(review by Packer et al. 2000a). Direct predation or
resource competition (e.g., competition for prey and
habitat) may influence the composition and relative
abundance of other demersal fishes. Effects of the
proliferation of skate populations to other demersal
fishes are unknown. Research is needed to determine
the impact of skates to the seafloor community (in-
cluding demersal fishes), predator-prey dynamics,
niche overlap, and resource partitioning in coastal
embayments.

Summary

Gloucester Harbor supported a relatively diverse fish
assemblage, including economically and ecologically
valuable species, and the occurrence and abundance
of early life history stages of fishes indicated the pres-
ence of nursery habitat. The difference in species
richness, species presence and relative abundance of
common species between recent (Chase et al. 2002;
Carey and Haley 2002; Buchsbaum et al. 2003) and
historic studies (e.g., Jerome et al. 1969) suggested a
shift in the demersal fish community of Massachusetts
waters during the past several decades. This study
cannot determine the cause of the shift. Long-term,
systematic surveys and directed monitoring efforts are



required to understand temporal and spatial trends
of fish population or community fluctuation and
results of human-induced perturbation to fishes and
environmental functions. Offshore populations of
commercially and recreationally important fish and
crab species are evaluated by long-term stock assess-
ments (NMFS 1998; Howe et al. 2000a), but human
influences in these survey areas are mainly attributed
to harvest (e.g., direct removal of species or physi-
cal habitat impact). Nearshore systems, including
Gloucester Harbor, are influenced by many sources
of natural and anthropogenic stress that potentially
affect fish communities. It is unknown, given two
targeted, short-term studies of fishes in Gloucester
Harbor during the past 30 years, if or how environ-
mental quality influences the productivity of fishes
in Gloucester Harbor.

This study is the first characterization of the Glouces-
ter Harbor fish community in more than 30 years;
identifies seasonal and spatial features of relative
abundance, composition, species richness, and life
history characteristics of fishes for 1998-1999; in-
dicates the importance of urban harbors to early life
history stages of fishes; and improves the understand-
ing of the nearshore fish community in Massachusetts
waters. This study provides a basis for future research
and monitoring questions regarding conditions that
attract juvenile fishes to Gloucester Harbor; variation
in environmental conditions among Massachusetts
harbors, embayments, and offshore waters; and causal
links between environmental quality and the growth
and survivorship of fishes.

ACKNOWLEDGMENTS

This study was a component of the Massachusetts
Dredged Material Management Plan, supported by
the Massachusetts Seaport Bond and the CZM Grant.
Field work was completed by Normandeau Associates
Incorporated (Paul Geoghegan, project manager),
CZM, and DMF staff. DMF (Leigh Bridges and
Vin Malkoski) and CZM (Deerin Babb-Brott, Anne
Donovan, and Christian Krahforst) contributed to
the study and reviewed early drafts of the manu-
script. Robert Buchsbaum (Massachusetts Audubon
Society), Brad Chase (DMF), and Michele Dionne
(Wells National Estuarine Research Reserve) provided
reviews that greatly improved the manuscript.

Gloucester Harbor Characterization: Fish

LITERATURE CITED

Able, K.W. and M.P. Fahay. 1998. The First Year in
the Life of Estuarine Fishes in the Middle Atlantic
Bight. Rutgers University Press. New Brunswick,
New Jersey.

Able, K.W., J.P. Manderson, and A.L. Studholme.
1998. The distribution of shallow water juvenile
fishes in an urban estuary: The effects of manmade
structures in the lower Hudson River. Estuaries
21(4B):731-744.

Able, K.W., J.P. Manderson, and A.L. Studholme.
1999. Habitat quality for shallow water fishes in
an urban estuary: the effects of man-made struc-
tures on growth. Marine Ecology Progress Series
187:227-235.

Ayvazian, S.G., L.A. Deegan, and J.T. Finn. 1992.
Comparison of habitat use by estuarine fish assem-
blages in the Acadian and Virginian zoogeographic
provinces. Estuaries 15(3):368-383.

Bigelow, H.B. and W.C. Schroeder. 1953. Fishes of
the Gulf of Maine. First Ed., Fishery Bulletin of
the Fish and Wildlife Service. Washington, DC.

Buchsbaum, R., T. Puriton, and B. Magnuson. 2003.
The marine resources of the Parker River-Plum
Island Sound Estuary: An update after 30 years.
Published by Massachusetts Office of Coastal Zone
Management. Boston, MA.

Carey, D.A. and N. Haley. 2002. Buzzards Bay
Disposal Site Report: Massachusetts Division of
Marine Fisheries Trawl Data Analysis. Prepared
for Massachusetts Office of Coastal Zone Manage-
ment, Boston, MA.

Chase, B.C, J.H. Plouff, and W.M. Caston-
guay. 2002. The marine resources of Salem
Sound, 1997. Massachusetts Division of
Marine Fisheries Technical Report TR-6.
Collette, B.B. and G. Klein-MacPhee. 2002.
Bigelow and Schroeder’s Fishes of the Gulf of
Maine, Third Edition. Smithsonian Institute
Press. Washington, DC.

Colvocoresses, J.A. and J.A. Musick. 1984. Spe-
cies associations and community composition of
Middle Atlantic Bight continental shelf demersal
fishes. Fishery Bulletin 82(2):295-313.

Deegan, L.A., ].T. Finn, S.G. Ayvazian, C.A. Ryder-
Kieffer, and J. Buonaccorsi. 1997. Development
and validation of an estuarine biotic integrity index.
Estuaries 20(3):601-617.

Elliot, E.M. and D. Jimenez. 1981. Laboratory



Gloucester Harbor Characterization: Fish

Manual for the Identification of Ichthyoplankton
from the Beverly-Salem Harbor Area. Massachu-
setts Division of Marine Fisheries.

Fahay, M.P. 1983. Guide to the early stages of
marine fishes occurring in the western North At-
lantic Ocean, Cape Hatteras to the southern Sco-
tian Shelf. Journal of Northwest Atlantic Fishery
Science 4:1-423.

Fahay, M, PL. Berrien, D.L. Johnson, and W.W.
Morse. 1999. Essential Fish Habitat Source Docu-
ment: Atlantic cod, Gadus morhua, life history
and habitat characteristics. NOAA Tech. Mem.
NMFS-NE-124.

Fogarty, M.J. and S.A. Murawski. 1998. Large-
scale disturbance and structure of marine systems:
Fishery impacts on Georges Bank. Ecological Ap-
plications 8(1) Supplement: S6-522.

Gabriel, W.L. 1992. Persistence of demersal fish as-
semblages between Cape Hatteras and Nova Scotia,
Northwest Atlantic. Journal of Northwest Atlantic
Fishery Science 14:29-46.

Geoghegan, P and A.R. Wilbur. 2003. Recruitment
habitat, growth, and mortality of young-of-the-year
scup (Stenotomus chrysops) in a Massachusetts
urban estuary. New England Estuarine Research
Society and Southern New England Chapter of
American Fisheries Society Meeting, Fairhaven,
Massachusetts. 8-10 May 2003.

Hardy, ].D. Jr. 1978. Development of Fishes of
the Mid-Atlantic Bight. An Adas of Egg, Larval
and Juvenile Stages. Vol. II. Anguillidae through
Syngnathidae. USFWS Biol. Serv. Program FWS/
OBS-78/2. 458pp.

Heck, K.L., K.W. Able, M.P. Fahay, and C.T. Roman.
1989. Fishes and decapod crustaceans of Cape Cod
eelgrass meadows: species composition, seasonal
abundance patterns and comparison with unveg-
etated substrates. Estuaries 12(2):59-65.

Hoss, D.E. and G.W. Thayer. 1993. The impor-
tance of habitat to the early life history of estuarine
dependent fishes. In Water Quality and the Early
Life Stages of Fishes (L.A. Fuiman, ed.). American
Fisheries Symposium 14:147-158.

Howe, A.B., T.P. Currier, S.]. Correia, and J.R. King.
2000a. Massachusetts Division of Marine Fisher-
ies Resource Assessment Annual Report. 11 pp.
+ tables and figures.

Howe, A.B., S.J. Correia, T.P. Currier, J. King and
R. Johnston. 2000b. Unpublished MS — Spatial
distribution of age 0 and 1 Atlantic cod (Gadus

62

morhua) of eastern Massachusetts coast, 1978-
1999, relative to ‘Habitat Area of Particular Con-
cern’. Massachusetts Division of Marine Fisheries,
Pocasset, MA. 25 pp. + tables and figures.

Hughes, J.E., L.A. Deegan, M.]. Weaver, and J.
Costa. 2002a. Regional application of an index
of estuarine biotic integrity based on fish com-
munities. Estuaries 25(2):250-263.

Hughes, J.E., L.A. Deegan, J.C. Wyda, M.]. Weaver,
and A. Wright. 2002b. The effects of eelgrass habi-
tat loss on estuarine fish communities of southern
New England. Estuaries 25(2): 235-249.

Jeffries, H.P. and M. Terceiro. 1985. Cycle of
changing abundances in the fishes of the Narra-
gansett Bay area. Marine Ecology Progress Series
25: 239-244.

Jerome, W.C., A.P. Chesmore, and C.O. Anderson
Jr. 1969. A study of the marine resources of the
Annisquam River — Gloucester Harbor coastal
system. Monograph Series Number 8. Division
of Marine Fisheries, Boston, MA. 62 pp.

Johnson, D.L., W.W. Morse, PL. Berrien, and J.
Vitaliano. 1998. Essential Fish Habitat Source
Document: Yellowtail flounder, Limanda ferruginea
(Storer 1839), life history and habitat characteris-
tics. National Marine Fisheries Service, Highlands,
NJ. 28pp.

Kooken, V., C. Dunn, C. DelPapa, and R. Buchs-
baum. 2000. Water Quality Assessment: Glouces-
ter Harbor, North River, Salem/Peabody, Saugus
River, Smallpox Brook, Salisbury. Prepared for
Massachusetts Executive Office of Environmental
Affairs, Boston, MA. 55pp.

Lazzari, M.A., S. Sherman, C.S. Brown, J. King, B.].
Joule, S.B. Chenoweth, and R.W. Langton. 1999.
Seasonal and annual variations in abundance and
species composition of two nearshore fish commu-
nities in Maine. Estuaries 22(3A):636-647.

Massachusetts Office of Coastal Zone Management
(MCZM). 2001. Dredged Material Management
Plan (DMMP) EOEA No. 11543. Draft Envi-
ronmental Impact Report (DEIR) for Glouces-
ter, Massachusetts. Prepared for Massachusetts
Office of Coastal Zone Management and City of
Gloucester, MA. Prepared by Maguire Group,
Foxborough, MA.

Meng, L. and ].C. Powell. 1999. Linking juvenile
fish and their habitats: An example from Nar-
ragansett Bay, Rhode Island. Estuaries 22(4):
905-916.



Meng, L., C.D. Orphanides, and J.C. Powell. 2002.
Use of a fish index to assess habitat quality in Nar-
ragansett Bay, Rhode Island. Transactions of the
American Fisheries Society 131:731-742.

Murdy, E.O., R.S. Birdsong, and J.A. Musick. 1997.
Fishes of Chesapeake Bay. Smithsonian Institution
Press. Washington, DC.

National Marine Fisheries Service (NMFS). 1998.
Status of Fishery Resources off the Northeastern
United States for 1998. NOAA Technical Memo-
randum NMFS-NE-115. 149pp.

Normandeau Associates Incorporated (NAI). 1999a.
Early benthic phase lobster survey for Gloucester.
Prepared for Massachusetts Office of Coastal Zone
Management, Boston, MA. 9pp.

Normandeau Associates Incorporated (NAI). 1999b.
Dredged Material Management Plan fisheries re-
sources survey for Gloucester. Prepared for Mas-
sachusetts Office of Coastal Zone Management,
Boston, MA. 28pp.+append.

Normandeau Associates Incorporated (NAI). 1999c.
Dredged Material Management Plan — Fisheries
resources survey for New Bedford. Prepared for
Massachusetts Office of Coastal Zone Manage-
ment, Boston, MA. 28pp. + append.

Oviatt, C.A. and S.W. Nixon. 1973. The demersal
fish of Narragansett Bay: an analysis of community
structure, distribution and abundance. Estuarine
and Coastal Marine Science 1:361-378.

Packer, D.B., C.A. Zetlin, and J.J. Vitaliano. 2000a.
Essential Fish Habitat Source Documents: Little
skate, Leucoraja erinacea, life history and habitat
characteristics. National Marine Fisheries Service,
Highlands, NJ.

Packer, D.B., C.A. Zetlin, and J.J. Vitaliano. 2000b.
Essential Fish Habitat Source Documents: Winter
skate, Leucoraja ocellata, life history and habitat
characteristics. National Marine Fisheries Service,
Highlands, NJ.

Pereira, J.J., R. Goldberg, and ].J. Ziskowski. 1998.
Essential Fish Habitat Source Document: Winter
flounder, Pseudopleuronectes americanus (Wal-
baum), life history and habitat characteristics.
National Marine Fisheries Service, Milford CT.

Science Applications International Corporation
(SAIC). 2001. Results of the March 2001 Sub-
bottom profiling and sediment profile imaging
survey of the outer Gloucester Harbor. Prepared
for Massachusetts Office of Coastal Zone Manage-
ment, Boston, MA.

63

Gloucester Harbor Characterization: Fish

Sokal, R.R. and EJ. Rohlf. 1995 Biometry: The
Principles and Practice of Statistics in Biological
Research. Third Edition. W.H. Freeman and
Company. New York, NY. 887pp.

United States Geological Survey (USGS). 2000. A
Marine GIS Library for Massachusetts Bay: Fo-
cusing on disposal sites, contaminated sediments,
and seafloor mapping. B. Butman and J. Lindsay
(eds.). USGS Open-File Report 99-439.

Valente, R.M., M.C. Swanson, and C.L. Seidel.
1999. Dredged Material Management Plan:
Habitat characterization of the DMMP candi-
date aquatic disposal sites. Prepared by Science
Applications International Corporation, Newport,
RI. Prepared for Massachusetts Office of Coastal
Zone Management, Boston, MA.

Wilbur, A.R., V.J. Malkoski, P. Geoghegan, and D.
Babb-Brott. 1999. Distribution of juvenile fishes
in New Bedford Harbor, Massachusetts: Human
influences on benthic habitat characteristics. 15®
Biennial International Conference, Estuarine Re-
search Federation 99. New Otleans, Louisiana.
September 25-30, 1999.

Wyda, J.C., L.A. Deegan, J.E. Hughes, and M.].
Weaver. 2002. The response of fishes to submerged
aquatic vegetation complexity in two ecoregions of
the Mid-Atlantic Bight: Buzzards Bay and Chesa-
peake Bay. Estuaries 25(1): 86-100.

Personal Communication

Malkoski, V.J. Personal Communication. Dredged
Material Management Plan — Investigating Glouces-
ter Harbor for wintering lobster. Massachusetts Di-
vision of Marine Fisheries, Pocasset, MA.



Gloucester Harbor Characterization: Fish

€/911) €88 |078C | L6EL| 0Ly | L'E | OEL | €82 | 0€E8 | CG6 | V65 | L0V | 8ET | 89€ | 98C | 0LL | LLE | TTL| T9€ [Pl
0¢ 0l Ol SAOY SHYAA
0¢ Ol Ol SPISIaN|IS DHUDY
¢¢ ¢'¢ ysipanng
o7 07 Buiay soogen|g
6¢ 0l 6 inod uoeo()
0¢ 0¥ 01 Auupys pajoipoy
69 0¢ |0¢ Ol 0l USARI BSG
06 0l (OR% 0¢ 0l 0l ysyedid ussyioN|
o¢€l 0¢ 0z | oY oL |0l |0¢ uidjnos uioyBuoy
ol ol |0¢ L6 Ol dds |1ouspag
evl On% cv | 0¥ 0l 60 {pus moquiby
€5l ¢y | oe | LS 'l | 0¢ Ysiydwin]
v'Ge 0l 0o¢ |1¢€¢ LG 4 L1 8l |61 L'¢ Aqanioy
['0€ oL |0¢ |01l 0¢ L1 0¢ L'/ 10€ |0¢ | 0¢ Ol suunzy
6¢Ce 6¢ |09 0l L1 0¢ Ol ce¢ |61 61 |0¢ | £9 | ¢¢ |01 SUDAMOPUIAN
[ Q¢ 08 |0/ ["1¢ LSRN
¢'8¢ 1’6 |06 07l |0¢ 0l 0l 0¢ |01 uidjnos uioyuoyg
['6€ 08 |0y |01l 0/ 0¢ L1 0¢ L¢C Ol ¢y | Ol 60 |60 |01 [puun6 o0y
0% 0¢ |0¢ |0¢ 08 Oy |0¢ |0¢ |0¢ |01l 0l 8¢ | Zv | Ov |0¢C SAPY Py
€CoC | v Le |0LSL L6 | O8I 0l 0¢ | 0Z1 0¢ 0l POS SHUBLY
Q'18C | 08 |0Ol€ |[Z¢€¥ |08 O0L|€6 |06E| L'EE [0S | ¢V |06 |88 | 9¢€ |9 |€¢l|80C]| L6l 1SpUNOf JSIUIAA
['06C | OZL |0OVS | LY Ol 09 86C | G/ZC | ¢l | ¥8C|Clc| 8L |80l | ¢l | €8E] 10l "dds ejoyg
[PIOL | 6661 | 6661 | 6661 | 6661 | 6661 | 6661 | 8661 | 8661 | B66L | 8661 | 8661 | B66L | BLSL | BLSL | BL6L | B6SL | B6EL | B sa10adg
9C¢/S |Tl/S |ze/v |8L/€ |8L/T |ST/L |Tl/6 |LL/6 |€2/0L |8/0L [8L/6 | CT/6 |61/8 | 9/8 |CT/L | 6/L |ST/9 |CTL/9

.\_OQt_O_I_ _m,_w@UDO_O ul 7_\/\/0: NRH @@C_O_EOU SUoljbls _>>O\_4_ jiSiile} \_O“_ AEOO.W\_wﬂc;DCH INdO r_m_u_ _O,_O._. 17 XIAN3ddV

o4



Gloucester Harbor Characterization: Fish

6€9C | 069 | 0¢CL |0G9 | 09 | Ol 00 | OL [00OL  OGL OvL  OOL |O¥L ZOL| TG | §9 |Z0Ll |G6l | C8 /o2l
0l Ol DL BIYAN
Ol Ol "dds iousoag
Ol (O] inod uped()
Ol Ol ysiyedid ussyjioN]|
o'l o'l ysydun
0¢ Ol 01l usADI Pag|
0¢ 0l 0l SuDdMOPUIAA
Q¢ (og Buiiay yoogen|g
0¢ (ORY Auupys pejoipoy
0¢ 0l 0¢ uidjnos wioyBuo
6¢ 61 1’z Aqgnio
oG ol | 0¢ 0l 0l Jauun?)
66 0c¢ | Ol 0l Ol | 0Ol 0l 0¢ | Ol Py poy
o¢l oy | 0¢ 0Q 0l uidjnos uioylioyg|
06Gc | 08 0/l ¥0||od
66 | 08 | OV oy | Ol 0¢ 0l 0l 60 0l [ouunB >0y
o0y |06¢ 0¢Gl POD DUD|IY/
oS | 06 | Ol 0l 06 | 09 | 0¢ | OV | 6G | 60 61V | 86 | I'¢C "dds ejoyg|
ves | 0/ | OV | 08 0¢ | O0G | OV | 0G| 09 | 6¢C | £ | 60| 6F | 65 | I¢C 19punojy ISIUIAA|
[PI0L | 6661 | 6661 | 6661 | 6661 | 6661 | 6661 | 8661 | 8661 | 8661 | 8661 | 8661 | B66L | BLSL | BLSL | B6SL | B6SL | B6EL | 866 se10adg
9C/S | TL/S |ze/v |8L/€ 8L/ |ST/L |TL/6 | LL/6 |€2/0L |8/0L |8L/6 | C/6 |61/8 | 9/8 |CT/L| 6/L |ST/9 |CTL/9

._OQ\_O_I_ \_m:mmuDO_MV ul @C__QEOW _>>O: :I_m_mv _OQ\_OI EO@LSOW \_Ou_ AEOO.W\_mﬂ_,CDCW INdD Lm_u_ _O,_O._. Bz 7 XIAN3ddV

65



Gloucester Harbor Characterization: Fish

L'ggl | 6G |08l |¥GC | O¥ | OO | OC | OZ | O¥ | O¥E | 00OC |OOL | OY | OZ | Ol 60 | 92 | ¥vS | 0C /oio/

Ol Ol Jeus moquiny
0¢ o'l 0l [ouun 00y
0¢ 0¢ %00]|od
0¢ 0¢ ysyedid utsyjioN|
6¢C 6¢C inod upeo()
0¢ 0¢ 0l UsADI DSG|
0¢ 0¢ "dds iousoag
0¢ 0¢ 0l ysyduin
0¢ 0c¢ | 01 Aqgnio)
oy Ol o'l 0l 01 ooy pay
oy 0l 61 'l SuDdMOPUIAA
0¢ 0¢ 0¢ 0l uidjnos uioyBuor
0/ 0c¢ | 0¢ | O¢ L1 uidjnas uioyjioyg|
oelL | Ol 0¢ o¢ | Ol oL |01l |0l lsuuny
09l 0l 09 | Ol oy | 0L | Ol Ol 0l "dds ejoyg
60¢€ | 6¢ | O 6¢ | Ol 0G |09l 0¢ PO2 SLUD|IY
GoG 0¢ 99l 0¢ 09l oy | Ol oy | Ol 60 | 8¢ | ¢E | Ol 1OpUNO ISJUIAA
[PI0L | 6661 | 6661 | 6661 | 6661 | 6661 | 6661 | 8661 | 8661 | B66L | 8661 | 8661 | B66L | BbSL | BLSL | BLSL | BLSL | B6SL | B se1adg)

9C¢/S |TlL/S |Te/v |8L/€ 8L/ |ST/L |TL/6 | LL/6 |€2/0L |8/0L |8L/6 | C/6 |61/8 | 9/8 |TT/L| 6/L |ST/9 |TL/9

JOQUDH 18§s80n0|5) Ul @E_Q_EOw |Mmpl} (HO) 1ogioH 18in0 104 (WO /tequinu) 3NdD ysy |00l 9z 7 XIANIddVY

66



Gloucester Harbor Characterization: Fish

606y | L'LL |OGLC| O'LE |06l | OO0 | 09 | O€ |06l | G6L |¥v¥PC | OL | OGC |L8L | VL | 9/ZL |€LL |OLC |0VC [P
Ol 0l Auupys pejoipoy
0l 01 SOH SIYAN
0¢ Ol Ol uid|nos uioybuor
0¢ o'l 0l SPISIOA|IS DHUDY
6¢ 0¢ 60 [ouunB %00y
6'¢ 0¢ 60 Jeus moquiny
0¢ (ORY *dds |1ousoag]
0'¢ Ol | Ol o sty
oy 0c¢ 0l 0l ysyedid utsyjioN|
8V 0l 0l 0l 81 Aqanicy
0§ o'l 0¢ 0l 0l Jeuun?y
09 0G| Ol ¥P0||04
o4 0c¢ | 0¢ | Ol 0l uidjnos uioylioyg|
QG Ol | 0¢ oy | Ol oL |01l |0l Ol | £¢ | Ol oY pey
79l 6¢ | 06 o'l Ol 0l 60 | 0¢ | £¢ sundMOopuIAA
/08 | Ol (OLL |0Vl 0¢ | 0¢c | O¢ 6y 0L Ol | 0¢C |6l 60 | 6V | 9¢ | 98 |09l 1OPUNO ISJUIAA
0651 | 89 |06E | 0O¢C 0G | Z0l |G0OC | O¢ |08l |€¢€l |68 |86 | Ve | 98 | 04 "dds sjoyg|
6¢/l Olgl] OV |0¢GlL 0l 0l 01 POD DUD|IY/
[PIOL | 6661 | 6661 | 6661 | 6661 | 6661 | 6661 | 8661 | 8661 | B66L | 8661 | 8661 | Bb6L | Bb6L | BLSL | Bb6L | BL6L | BLSL | B se1adg)
9C/S |Tl/S |Te/v |8L/€ | 8L/ |ST/L |Tl/6 |LL/6 |€2/0L |8/0L [8L/6 | C/6 |61/8 | 9/8 |CT/L| 6/L |ST/9 |CTL/9

.t_OO__O_I_ \_QmQUDO_@ ul @C__QEOm _>>O_,_ :I_\/\/W _OQ‘_OI UIBISOAA _Ou_ ?cOO.W\;@QE:CW INdDO Lm_u_ _O,_O._. o077 XIAN3ddV

o/



Gloucester Harbor Characterization: Fish

vvee

LG | 06E | £LC|0CL | LT 0G | €4l 009 | £9C OL |(Z¢cL |80l  OL |O0OL| OC | LlC |€9C | OC /ot
o'l Ol Auupys pejoipoy
0¢ 0¢ usADI Pag|
0¢ o'l Ol ysiyedid ussyjioN|
L'¢ L'¢C "dds iousoag
¢'¢ 2 ysipanng
0¢ 0¢ uid|nos uioyBuo
L€ L€ ¥0]|04
V4 o¢ | Ol 0l L1 Ol SAPY Py
¢/ L1 L'V 0l 0l Jeuun?)
€8 ¢¢ | 0¢ [ L1 ysydun
7’8 0l L'l L1 L'C ce [puunB 320y
70l 0l v | Ov | Ol Jjows Mmoquiny
GOl Ol [l Ol ¢c 0l 1’z 1'C supdmopuIAA
¢l L1 o¢ | L' | 0¢ o'l 01 uidjnos uioyjioyg|
AN 0l ey L'y A Aqqnigy
o8l 7€ 0¢ | ¢Z | O¢ Ol POD DUD|IY/
885 | L'l OVl | IC L'V l'c | ¥S | Ol | 08 | 01 007 "dds ajoyg
0'¢8 ovlL | I'G | 08 oG | €V |0Ove | ¢/ v S 19puUNO JSJUIAA|
[PHI0L | 6661 | 6661 | 6661 | 6661 | 6661 | 6661 | 8661 | 8661 | B66L | 8661 | 8661 | B66L | BLSL | BLSL | B6SL | B6SL | B6EL | 866 se10adg
9C/S | TlL/S |Te/v |8L/€ 8L/ |ST/L |TL/6 |LL/6 |€2/0L |8/0L |8L/6 | C/6 |61/8 | 9/8 |CT/L| 6/L |ST/9 |TL/9

.\_OQ\_OI _®4_W®UDO_® ul @C__QEOW _>>0: :I_: \_OQ\_O_I_ Jsuu| \_Ou_ AEOO.W\_mﬂc,SCW INdD Lm_u_ _O,_O._. TN.V XIAN3ddV

68



Gloucester Harbor Characterization: Fish

0'lee | 0 | 0c | OV | OL | O'L 00 | 0C | 0¢ 08 |0'1CE| 048 |0LL| 04 | 0E | OO0 |OvC |O'LL |09 /et
Ol o'l uidjnos uioyjioyg|
o'l 01 [ouunB o0y
0l Ol ¥20|0d
o'l 0l Jaynd uleyLoN|
0l 0l Yysienig
0¢ 0l 01 ¥o0geppls aulds-g
0¢ 0 Jauun?)
0¢ 0l 0l Aroyoup Aog
0¢ 0¢ 80UD| PUDG
oy 0l 0z | 01 sundMOopUIAA
oG 0¢ | 0¢ J|oWs Mmoquiny
0/ 0l 0¢ oL 0L | 0¢ SOH Py
0/ 0¢ 0¢ 0l Boyorwwnyy
08 oy | Ol | Ol Ol | Ol ysyedid ussyjioN]
Oll Ol o'l 0l 0l 0l 0¢ 0l JOPUNO}f JSIUIAA
Ol Ol oL | 06 Aqqnio
0c¢l 0¢ 06 0l uspDYUSW JUD|Y/
0¢c Ole| Ov Buiiay soogen|g
06¢ 0/s | 01 0l ysydun
06/ | O¢C Oy | 0L | 0Ol 0l o'1og|ol8 |0l8| 06 | 0¢ SPISIaA|IS DLUD|IY/
[PIOL | 6661 | 6661 | 6661 | 6661 | 6661 | 6661 | 8661 | 8661 | B66L | 8661 | 8661 | B66L | BLSL | BLSL |BLSL | B6SL | B6EL | 8L sa10adg
9¢/S |Tl/S |ze/v |8L/€ |8l/T |ST/L |Tl/6 |LL/6 |€2/0L |8/0L |8L/6 | C¢/6 |61/8 | 9/8 |CTT/L | 6/L |ST/9 |TL/9

.Am_DOL —RV _Umc_QEOU SUOI}oIJS __O WWCO:O,_m oules _OQ_O_I_ _®,_w®UDO_® ul _QQEDC >Q LU#OU Lwﬁ _UOCQQ ®_QEOW €7 XIAN3ddVY

69



Gloucester Harbor Characterization: Fish

0/l 0l 0¢ oy 09 | OV Y22
o'l o'l uidjnos uioyjioyg|
o'l 0l [ouun 00y
0l 0l oy pay
o'l 0l uspoyuUSW JlUD|Y/
0¢ 0¢ ysyedid uisyoN]
0¢ ol | Ol Agqnioy
0¢ 0% Jauun?)
0¢ 0'¢ SPISION|IS DHUDY
ov oV Buisy yoogen|g
[PI0L | 6661 | 6661 | 6661 | 6661 | 6661 | 6661 | 8661 | 8661 | 8661 | 8661 | 8661 | 8661 | 8661 | 8661 | 8661 | 8661 | 8661 | 8661 sa1adg|

9C¢/S | C¢L/S | ¢e/v | 8L/€ | 8L/ |S¢/L (Tl/6 | LL/6 |€2/0L |8/0L |8L/6 | T/6 |61/8 | 9/8 |TT/L| 6/L |ST/9 | TL/9

.7,_:2 31 10GIDH J8§seono|o) Ul (1) pupjs| bc:OQc@H 104 ::o;\ﬁ Yoo ysiy [0jo] g’y XIANIddY

096 o'l ov 0¢ 08C | 0C | 0¢CS 0¢ oy Y22
Ol 01 yopgeppls aulds-g)
Ol 01l Jjous moquioy
0¢ Ol 0l 18pUNOY} JSIUIAN
0¢ 0l 0l ysuedlq uleyioN|
0¢ o'l 0¢ oY pay
0¢ 0¢ Boyorwuniy
ov Ol 0z | 01 sundMOpUIAA
008 | Ol ov 0l 0'¢ce 0'¢S SPISISA|IS DHUDY
[PIOL | 6661 | 6661 | 6661 | 6661 | 6661 | 6661 | 8661 8661 | 8661 | 8661 | 8661 | 8661 | 8661 | 8661 | 8661 | 8661 | 8661 | 8661 sa1>adg|

9¢/S | C¢L/S | ¢e/v | 8L/€ | 8L/ |S¢/L (Tl/6 | LL/6 |€2/0L |8/0L |8L/6 | T/6 |61/8 | 9/8 |TT/L| 6/L |ST/9 |TL/9

AmOO_. \_QQE@>OZ | | Uo Q_QEOW ou .\m_DOr_ R: \_OQ\_OI _w,_mQUDO_O ul Amn: r_oomm CO___>On_ _Ou_ :DOL\#W LU,:UU Lm_u_ _O,_O._. Oy 7 XIAN3IddV

70



Gloucester Harbor Characterization: Fish

06l | 01 oL | 01 0¢ 0¢€ 0¢ 0¢ ov /eHo/
Ol 0l 18pUNOY} JBIUIAN
Ol 0l Jaynd wssylIoN|
0¢ 0¢ ysyedid utsyjion|
0¢ 0¢ uspDYUSW JUD|Y/
or 4 Aqqnio
06 Ol O] o'l 0¢ 0l 0¢ SPISIaA|IS DHUDY
[PIOL | 6661 | 6661 | 6661 | 6661 | 6661 | 6661 | 8661 | 8661 | B66L | 8661 | 8661 | Bb6L | BLSL | BLSL | BL6L | BLSL | BLEL | B se10adg

9C/S |Tl/S |ze/y |8L/€ |8L/T |ST/L |Tl/6 |LL/6 |€2/0L |8/0L [8L/6 | C/6 |61/8 | 9/8 |CT/L| 6/L |ST/9 |CTL/9

(s)noy g | ) JogioH Jejsaonolsy Ul (gN]) Yooeg sa|IN| 104 (|nPY /#) Y2iod ysiy [0jo] Py XIANIddY

0687 | O'L | 0C 0¢€ 0Ol |006C| 098 | 069 | 0£ | Ol Oove | 0C | OV [P
0l Ol yopgepus sulds-g)
0l Ol ¥00|0d
Ol 0l ysien|g
0¢ Ol | Ol ysyedid ussyioN]
0¢ 0l 0l Aroypup Aog
0¢ 0¢ 80UD| PUDg
0¢ 0¢ Ol SAPY Py
% 0¢ | O¢ Jjaws moquiny
ov 0¢ 0l Boyorwwnyy
oG 0l oy Aqqnio)
0’8 Ol Ol 0l 0¢ 1SpUNOY} JSIUIAN
06 06 uspDyUSW JUD|Y/
O'l¢ 012 Buiiay oogen|g
06t 0/ | 0Ol o'l ysydwn
0/8¢ 09/2/018 0G| O¢ SPISISA|IS DHUD|Y
[PIOL | 6661 | 6661 | 6661 | 6661 | 6661 | 6661 | 8661 | 8661 | B66L | 8661 | 8661 | Bb6L | BLSL | BLSL |BLSL | BL6L | B6EL | B se10adg

9C/S |Tl/s |ze/v |8L/€ |8L/T |ST/L |Tl/6 |LL/6 |€2/0L |8/0L [8L/6 | C/6 |61/8 | 9/8 |CT/L| 6/L |ST/9 |CTL/9

‘(s|noyY | S0P 181s0N0IS) Ul [WH) Yoreg UOOW |OH 104 (DY /4#) Y2400 ysly |Bo] Oy XIANIdY



Gloucester Harbor Characterization: Fish

Percent of Total Winter flounder Catch (%)
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APPENDIX 4.5 Winter
flounder length frequency in
Gloucester Harbor, June 1998
fo May 1999; trawl samples.
N=tfofal number of winter
flounder collected per month.



